We have compared our theoretical expressions of the normalized reaction velocities with that of simulation data points generated when the substrate fluctuations are present and absent, for the reaction schemes represented in Figure 1 Singh and Chaudhury, 2019 in the general monotonic as well as the conditional nonmonotonic limit. We have also constructed the phase diagrams for the schemes given in Figure 1 Singh and Chaudhury, 2019 separating different regimes of the monotonic and the nonmonotonic behaviors observed in the reaction rate.
Data
We have compared the normalized reaction velocities from theory and simulations for the reaction schemes represented in Fig. 1 ; respectively. We have also performed a comparative study between the normalized rates from theory and simulations for those schemes [1] at a given [S] under the non-monotonic limit (represented in Fig. 2 Value of the data The theoretical studies are performed under the excess substrate assumption [1] where the reaction rates are calculated at short times. We perform the stochastic simulations [2] under the constant substrate approximation and also incorporate the effect of substrate fluctuations and compare with the theoretical results for the reaction schemes described in Fig. 1 [1] . This data helps in understanding the agreement/deviation between the formulated theory and the datasets obtained from the numerical simulations under different physical scenarios.
The theoretical investigations and simulation datasets provide a platform for dynamical interpretations of enzymatic networks taken under consideration. Our data can assist and validate studies based on single molecule measurements. Using these backgrounds one can extend similar systems to some more complicated reaction schemes subjected to the conformational fluctuations.
We have constructed the phase diagram [3] for the schematic represented in Fig. 1 
Mathematical procedure followed for the phase diagram construction
Rearranging eq 10 [1] in terms of the unbinding rate constant k off we get
where.
Differentiating v 1P (eq (1)) with respect to k off and putting the limit k off /0; we get
For the general set of kinetic parameters, we find that
2 < p 2 . Thus, the reaction velocity is a continuously decreasing function of k off as shown in Fig. 2(a) . We solve eq 13 [1] and obtain a particular range of ½S in which non-monotonicity in the velocity is observed and the parameter values satisfy the limits mentioned in eq 14a and eq 14b [1] . As shown in Fig. 2(b) , the velocity derivative with respect to k off (Fig. 3(a) ) that can separate different monotonic and nonmonotonic regions of velocity, we plot p3 Fig. 1(a) [1] where the solid black line and the dashed black line represent p3 ðp4 Þ 2 ¼ 0 and p3 ðp4 Þ 2 ¼ Àp 2 ; respectively (b) in Fig. 1(b If ∅ > 1; it represents the region in which the velocity will show a non-monotonic (non-MM) behavior. As discussed in the main text, this will be observed only in a certain range of the substrate concentration with some particular choice of parameter values. 0 < ∅ À1 represents the regime in which the velocity will show a monotonic (non-MM) behavior for any given set of kinetic parameters. When ∅ < À 1 it represents the region in which the velocity attains the MM form and decreases monotonically.
For Fig. 1(b) , rearranging eq 12 [1] in terms of the unbinding rate constant k ð1Þ off we get
Differentiating eq (4) with respect to k ð1Þ off and putting the limit k
The non-monotonic velocity will only be observed if p6 We construct the phase diagram as shown in Fig. 3 (b) separating different regions of velocity and plot p6 ðp7Þ 2 as a function of p 2 . For the scheme represented in Fig. 1(b) , the non-monotonicity index is defined as 
As described earlier, ∅ 0 > 1, 0 < ∅ 0 À1 and ∅ 0 < À 1 represent regime with non-monotonic (non-MM), monotonic (non-MM) and monotonic MM behavior, respectively. We have constructed a phase diagram which divides different regions of the reaction rate (depicted in Fig. 3 of this article).
